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Model Ring Current Belts

8.-I. Akasofu

1. Introduction

The purpose of this note is to present some numerical results
of an extensive calculation of model storm-time radiation belts or
the so-called ring current belts. The models are constructed by
choosing most plausible sets of the six parameters that characterize
the belts.

(i) Parameters

The number density distribution n(re) along an ecuatorial

radius T, is given by

2 2
n=n e® 1% (z < 0, for the inner part of the belt)
2 2
n=n e&?% (z > 0, for the outer part of the belt)
)
where z = (re - reo)/a, a denotes the earth's radius, r_, the distance

at which n attains its maximum value no.
The pitch~angle distribution W (6, @) is assumed to have a

form

H=A () sintl g



where 6 denotes the pitch-angle, o is a constant, and A(Q) is a normal-
ization factor.

The ring current particles are assumed to be mono-energetic, with
their energy e¢. Therefore, the parameters are Toor 817 8o o, n., and €.
These_determine completely the characteristics of model ring current
belts, so that the magnetic field AB of the ring current at a given
latitude ¢

point (radius r is given by

1’ l)

AB = F (rl, ¢l; T B1r Epr ¥, 1, e) .

The actual procedure of obtaining the ring current field AB

is first to compute the current intensity i in a meridian plane.

3p op
.1 1 n _ 2 tan Q n *
7B R (pg - py) " B, ( 3T ) h, 3 (1)

or

*
(i) Notation is the same as that given by Akasofu and Chapman [1961].

(i1) Dr. P. C. Kendall has pointed out that the last term in the right-
hand side is overlooked in the paper by Akasofu and Chapman [1961].
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Let ABx and ABZ denote respectively the components of the
magnetic field of the ring current, parallel and perpendicular

to the equatorial plane at the point (rl, ¢l). They are given by
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where r,, cos ¢l

2 . 2 .
r,, cos ¢l sin § - r_, cos” @, sin §,

‘Y
I

3
€ = r, cos” §,

2
and K(k~) and E(kg) are the complete elliptic integrals of the

first and second kinds for

2 _ L e g
5+ w®+ ¢

5 -

Note that at the earth's center, r

k2 =0 and K

el = O, ¢l = O’ SO that

E = m/2 and thus

o 1 N i ds
ABz = T TC JJ

3

re2

In the actual computation process, the double integral for
ABx and ABZ is replaced by a double summation for about 1000

4 b
elements dS; = r_, cos ¢, ar_, df, = af, cos’ @, adf, df,; for

e2 2

example, for AB, (rl, ¢l) we have



88, (r), $)) = 15z T Z 2 2.a/2

> 2 2
x [ K (k) + ?R - P) - QQ E (k%) ]
- P +

n
no

x [a x adf, x g, ]

where
¢n mw
—_— o B -16 )
i = —— 1.572 x 10 n € (keV/em™), amp
© 2 2 3
= 1l.472 x 10 n_ mw (erg/cm”), esu
= L.716 x 1077 n, e (keV/cmB), esu
and
21
o 2 -16
5a X (a x adf® x d¢2) = 1.572 X 10 n e
6

x (a x 0.1la x 0.0349)

6.99 x 10~ n e

when AB_  is given in units of 7 .



and w / & =P, {fa =Q, §/a =R. For the FORTRAN program of
the computation of AB for an I. B. M. 704l computer, see

Appendix I.

2. Notation in Tables

Conversion of notation in the above to program notation

r /a = FCENT
eo
$, = PHI
g = Gl
g, = Ga
o = ALPHA
ne="~rJ
o
r;/a = L
AB, (n € = 1(kev/emd)) = Hz
AB_ (n_ e = 1(keV/en’)) = HPT
AB, (for a particular value of n_ €) = BHZ
AB_ (for a particular value of n €) = BHPI

BIGHZ = Dipole field + BHZ
BIGHPI = Dipole field + BHPI
BIGH = ((BIGHZ)® + (8161pT)2)/ 2



3. Results

(a) Tables 1-3

Tables 1-3 give AB, (re) and ABx(re) for several sets of the

six parameters.

Table 1 Table 2 Table 3
Teo = 3.0 Yoo = 30 r = 2.0
eo
¢l = Oo ¢l = Oo ¢l = Oo
g, = 1.517 g = 2.1k46 g, = 1.517
g, = 1l.517 g, = 1.517 g, = 1.517
0.759 0.759 0.759
0.379 0.379 0.379
a = 2.0 a = 2,0 o = 2.0
en = 1.0 (keV/cm3L en, = 1.0 (keV/cm3) en =1.0 (deV/cm3)

The values of g (gl, g2) have the following meaning:

g = 2,146 (n/no = 1/100 at z = 1.0)
g = 1.517 (n/no = 1/10 at z = 1.0)
g = 0.759 (n/nO = 1/10 at z = 2.0)
g = 0.379 (n/nO = 1/10 at z = L.0)



(v) Tables 4-10

In Tables 4 and 5 we choose the following sets of the

parameters:

(1) ro, = 3.0, g, = 1.517, g, = 0.759, & = 2.0.
Table 4a ... AB,, B, (rl, ¢l) for n_e = 1.0
Table L4b ... B@M,Bm@l(ry ¢ﬁ
Table 4c ... BIGHZ, BIGHPI (rl, ¢l) n_e = 4500.0
Table 4d ... BIGH (rl, ¢l)
Table 5a ... BGHZ, BGHZ, BGHPI (rl, ¢l)
Table 5b ... BIGHZ, BIGHPI (rl, ¢l) n_ e = 3500.0
Table 5¢ ... BIGH (rl, ¢1)
Table 6a ... BGHZ, BGHPI (rl, ¢l)
Table 6b ... BIGHZ, BIGHPI (rl, ¢l) n_e = 2500.0
Table 6c ... BIGH (rl, ¢l) )
Table 7a ... BGHZ, BGHPI (rl, ¢l)
Table 7b ... BIGHZ, BIGHPI (rl, ¢1) ne = 1500.0
Table 7c ... BIGH (rl, #,)




reo = 2.0, gl = 1.517, g2 = 0.759, ¥ = 2.0

Table 8a ... B, Bx (rl, ¢l) for ne = 1.0
Table 8b ... B@M,Bm@l(rr %}

10000.0

Table 8¢ ... BIGHZ, BIGHPI (r, ) $ n_e

Table 84 ... BIGH (rl, ¢l)

- N\

Table 9a ... BGHZ, BGHPI (rl, ¢l)

Table 9b ... BIGHZ, BIGHPI (ry, f,) > n e = 5000.0

Table 9¢ ... BIGH (ry, #;)

N

Table 10a ... BGHZ, BGHPI (rl, ¢l)

2000.00

Teble 10b ... BIGHZ, BIGHPI (r,, ;) > n_e

Table 10c ... BIGH (rl, ¢l)

Tables 11-13

Teo = 3.0, g = 1.517, g, = 0.259, ne = 1.0

Table 11 ... @ = 0.0
Table 12 ... @ = 1.0
o =2,0 ... See Table 1.

Table 13 ... «

]
w
o



(a) Table llua-d

Table 1L contains the juantities for the V3 model belt

introduced by Akasofu and Chapman [1961]; the parameters are:

r = 6~U
€0
gl = gz = l°5l7
0 = =U.5
ne = 150 keV/cm5
Table lha ... AB, AB (rl, ¢l) for ?Oe = 1.0
Table 14b ... BGHZ, BGHPI (rl, ¢l)
Table lb4c ... BIGHZ, BIGHPI (rl, ¢l) n_e = 150.0

Table 14d ... BIGH
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Ly, Distorted Field Lines

The distorted field lines caused by the ring current are

computed for the following sets of the parameters:

(a) ro = 3.0, g = 1.517, g, = 0.759, @ = 2.0
Figure 1 ... en_ = 4500.0
Figure 2 ... eno = 3500.0
Figure 3 ... eno = 2500.0

(v) r,, = 2.0, g =1.517, g, = 0.759, @ = 2.0

Figure 4 ... en_ = 10000.0

In each figure, the distorted field lines (solid) whose
'anchoring latitudes' are 10°, 20°, 30°, k0°, 50°, 60°, and T0°,
are shown. The corresponding dipole field lines are included
for comparison. For the FORTRAN program for an I. B. M. 70LL

computer, see Appendix II.
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